The geographic range of Myxobolus insidiosus has been extended to the Aumsville irrigation canal, Aumsville Rearing Ponds, Aumsville Lake and the Coos and Yaquina River Systems in Oregon and a new host, rainbow and steelhead trout (Salmo gairdneri) was identified. Morphometric studies of M. insidiosus from selected hosts and localities indicated that plasmodial and spore variability occur and subspeciation of the parasite is not warranted.
Introduction
Myxobolus insidiosus was originally described by WYATT and PRATT (1963) from chinook salmon (Oncorhynchus tshawytscha) in Oregon's McKenzie River Hatchery. Subsequently, the parasite was found in coho salmon (Oncorhynchus kisutch) (WOOD, 1974) . Additional observations in Oregon have been reported by SWEET (1978) . The subspe cies Myxobolus insidiosus clarki was described from cutthroat trout (Salmo clarki) on the basis of variation in plasmodial and spore morpho logy (WYATT, 1979 (WYATT,1978a) . Parasitism of chinook salmon with M. insidiosus was not related to age or size. WYATT 1978 b) noted that chinook salmon fry, juveniles, or smolt s became parasitized where earth bottom sub strates occur. This paper presents the following information on the biology of M. insidiosus: (1) extension of geographic distribution, (2) discovery of a new host, (3) susceptibility of eight salmonid species, (4) parasite development in chinook sal mon, and (5) 
Results
Host and Geographic Range Muscle tissue from 430 wild fish, belonging to seven families, was examined for M. insidiosus plasmodia and spores. Seventeen percent of Salmonidae (33 of 189) were found to harbor the parasite while members of Cyprinidae (128 fish), Cottidae (79 fish), Petromyzontidae (18 fish), Catostomidae (6 fish), Ictaluridae (4 fish), and Poeciliidae (4 fish) were not parasitized by this myxosporidan.
Cutthroat trout (100%), coho salmon (54%), and rainbow trout (25%) from three Yaquina River tributaries were parasitized by M. insidiosus. In the Coos River system this parasite was only found in rainbow trout (24%) while coho and chinook sal mon were not infected. Myxobolus insidiosus was present in rainbow (58%) and cutthroat trout (25%) collected in the AIC. Exposure of chinook salmon for 8 d at ARP resulted in parasitism of all fish by M. insidiosus. Plasmodia and spores were found in 54% of Roaring River Hatchery steelhead trout being reared by ODFW in Aumsville Lake (sup plied by water from AIC), fish from this same group but remaining at the hatchery were not infected. No fish from the Rogue River system nor from the Willamette River were parasitized by M. insidiosus.
Variability in size and shape of M. insidiosus spores was found among different host species and within fish of the same species residing in the same or different streams. A coho salmon harboring plasmodia of M. insidiosus with giant spores was collected in Hayes Creek (Yaquina River system). Mean measurements for these spores were 22.4 ƒÊm long (20.9-24.2 ƒÊm) by 16.1 ƒÊm wide (14.3 -17.6 ƒÊm). Mean spore lengths of M. insidiosus ranged from 12.8 to 17.1 ƒÊm while mean widths varied from 8.0 to 11.9 ƒÊm. Mean lengths of M. insidiosus polar capsules ranged from 6.8 ƒÊm to 10.0 ƒÊm while widths were 3.3 ƒÊm. Polar capsule length was not correlated with spore length. Sal monids collected at AIC and Aumsville Lake con tained spores with less size variation than those from fish obtained at other sites.
Plasmodia of M. insidiosus varied widely in size. In rainbow trout collected from the Coos River system they averaged 148 ƒÊm long (63-170 ƒÊm) by 62 ƒÊm wide (45-84 ƒÊm) while those in the same fish species collected at AIC averaged 90 ƒÊm long (63-170 ƒÊm) by 42 ƒÊm wide (28-64 ƒÊm). Plasmodia in cutthroat trout from AIC averaged 70 ƒÊm long (51-90 ƒÊm) by 44 ƒÊm wide (27-56 ƒÊm) and those in steelhead trout from Aumsville Lake averaged 111 ƒÊm long (69-150 ƒÊm) by 57 ƒÊm wide (33-90 ƒÊm). Within individual fish species the plasmodia varied from oval (78 ƒÊm long by 60 ƒÊm wide) to spindle (170 ƒÊm long by 53 ƒÊm wide) shaped. Most M. insidiosus plasmodia in cutthroat, rainbow and steelhead trout were located in connective tissue between muscle bundles; however, some were also observed within the muscle bundles. With chinook and coho salmon all plasmodia were located within muscle bundles. Wet Mount Examination Developmental stages of M. insidiosus were de tected by light microscopy examination of wet mounts prepared from chinook salmon muscle tissue. Stages were similar to those described for other myxosporidans (DAVIS, 1916 (DAVIS, , 1923 DUNKERLY, 1925; MITCHELL, 1977) . A few binu cleated amoeboid cells which did not appear em bedded in the muscle tissue were observed at the earliest parasite detection. Encysted stages occurred concurrently with amoeboid cells, and were binuc leated or quadrinucleated trophozoites found in spindle shaped plasmodia within the muscle bun dles. Trophozoite development continued by cell division and elongation of the plasmodium to form multicellular stages (Figs. 2, 3) . No host reaction to any of these 'early stages was detected.
Formation of polar capsules and presence of spore valve outlines indicated early sporogenesis. Sporulation continued with numbers .of spores in creasing until mature plasmodia packed with spores were present (Fig. 4) . Several plasmodia appeared to be deteriorating and were being replaced by mesenchymal cells at a time when mostly mature plasmodia were present in the musculature (Fig. 5) .
Histological Examination
Development of M. insidiosus was observed in histological sections of parasitized chinook salmon muscle tissue. No amoeboid stages were found in any of the sections examined. A trophozoite, con taining two cells, located in a plasmodium within a muscle bundle was the first stage detected (Fig. 6) . Tissue displacement was noted around early para site stages with no apparent host response. Development continued by repeated nuclear di visions and cytoplasmic growth leading to multicel lular trophozoites (Fig. 7) . During growth of the trophozoite, generative cells divided and differen tiated into multicellular sporonts each containing two sporoblasts. Maturation of the sporonts re sulted in spore formation and mature plasmodia (Fig. 8 Transmission Electron Microscopy Sporogenesis of M. insidiosus was asynchronous and resulted in the formation of disporoblasts. Vegetative cells were found in early undifferentiated plasmodia. The first recognizable sporogenic stages were spherical generative cells containing several large mitochondria, a Golgi apparatus in close proximity to the nuclear membrane, and numerous cytoplasmic ribosomes. Generative cells had an eccentric nucleolus, a narrow zone of chromatin directly beneath the well developed nuclear membrane, and small aggregations of chromatin scattered throughout the nucleoplasm. Myeloid figures typical of other myxosporidans were ob served at this stage of development.
The first cellular association in the sporogenic process occurs when two generative cells come in close contact with each other (LOM and dePUYTORAC 1965a).
Pairs of generative cells were observed in early trophozoites of M. insidiosus (Fig. 12) . The smaller of these cell pairs became the envelope cell while the larger, destined to form the sporont, divided repeatedly to form the disporo blast. No host tissue reaction to immature plas modia or plasmodia which contained pansporo blast stages was noted.
A section through a developing plasmodium showed the disporoblastic nature of M. insidiosus. Peripherally located valvogenic cells enclosed cap sulogenic cells and the sporoplasm. For each spore produced, each of a pair of valvogenic cells sur rounded the inner cells and became half of the spore valve. Thickened crests formed where the valvo genic cells meet and crests from apposing cells were joined by a continuous septate junction forming the sutural ridge and suture line. Two capsulogenic cells, each containing a large capsular primordium were enclosed by a pair of valvogenic cells (Fig. 13) .
The capsular primordia were enclosed by a mem brane which overlied three zones: an electron lucent zone, a moderately electron dense zone, and finally another electron lucent zone. These zones sur rounded the homogeneous granular matrix of the capsular primordia which usually contained an electron dense inclusion. During early capsulo genesis external tubules were present in the cyto plasm of the capsulogenic cells (Fig. 14) . Polar filament precursor membranes could sometimes be found within a primordium as the external tubules withdrew from the cytoplasm. As the spores ma tured, the valvogenic cells formed a narrow wall around the spore and their nuclei degenerated and became incorporated into the valves. At this stage in development the sutural crest and ridges were fully formed (Fig. 15) . Glycogen granules were found in the cytoplasm of the sporoplasm and in the area surrounding the polar capsules of fully formed spores. Mature spores were usually surrounded by a vacuole.
Scanning Electron Microscopy
The piriform shape of M. insidiosus spores was observed by scanning electron microscopy. The absence of a mucus envelope such as described from Myxosoma cerebralis (LOM and HOFFMAN, 1971) and Myxobolus sp. (DESSER and PATTERSON, 1978) and the sutural crests and ridges were discerned (Fig. 16) . Extended polar filaments and discharge pores were similar to those of other myxosporidans (LOM and HOFFMAN, 1971; CANNING and VAVRA, 1977; MITCHELL, 1977; FENDRICK, 1980) .
Gel Diffusionshasta
From one to three antigen-antibody precipitin bands were observed when anti-M. insidiosus serum was reacted with whole or broken spores of M. insidiosus or with muscle tissue containing spore filled plasmodia. Preparations of muscle tissue con taining spore filled plasmodia of M. insidiosus ob tained from chinook and coho salmon, and rainbow and cutthroat trout gave a band of identity when reacted with serum specific for M. insidiosus. Immunofluorescence Trophozoites and spores of M. insidiosus gave strong fluorescent reactions when the IFAT was performed on parasitized tissue or purified spores (Fig. 17) . No fluorescence occurred when antisera was reacted with muscle of chinook salmon contain ing M. insidiosus in a stage not detectable by light microscopy. No fluorescence was observed when uninfected muscle tissue was tested with anti-M. insidiosus serum by the IFAT. Labeled serum speci fic for C. shasta showed fluorescence with C. shasta spores and trophozoites by the DFAT. No cross reaction was noted when labeled C. shasta serum was applied to smears of uninfected intestinal tis sues and contents.
Strong fluorescence indicated cross reactivity oc curred when M. cerebralis spores were reacted with anti-M. insidiosus serum followed by incubation with labeled goat anti-rabbit serum (Fig. 18) . No fluorescence occurred when spores of C. shasta, H. salminicola, or M. squamalis were tested by this procedure. Fluorescence did not occur when labeled anti-C. shasta serum was applied to spores of M. insidiosus, H. salminicola, M. cerebralis, or M. squamalis.
Discussion
During this study M. insidiosus was described for the first time from rainbow and steelhead trout. The parasite's geographic range was extended to AIC, ARP, Aumsville Lake and the Coos and Yaquina River systems and infected cutthroat trout and coho salmon were found outside areas described by WOOD (1974) and WYATT (1978a WYATT ( , 1979 . Further indications of M. insidiosus specificity for salmonids were shown in the present work since all non salmonids collected in areas where M. insidiosus occurred did not contain the parasite. Other myxos poridans known to be specific for salmonids are C. shasta (JOHNSON et al., 1979) and M. cerebralis (BOGDANOVA, 1968; HALLIDAY, 1976) . The variable rate of M. insidiosus parasitism observed in salmonids in this study could be due to fish species or strain variability or to the number of infectious units present in 'different areas of the parasite's range. Hatchery reared chinook salmon were heavily parasitized after exposure to M. in sidiosus at ARP, but much less when exposed at the LPC and at the MRS facility. Varying levels of susceptibility to M. insidiosus by different popu lations of wild coho salmon, rainbow and cutthroat trout in the Coos and Yaquina River systems was noted.
Results from exposure tests of selected salmonid species to M. insidiosus indicated that chinook salmon were the most susceptible. Exposures of 8 d duration at ARP resulted in only chinook salmon becoming parasitized. Exposure of fish at the LPC for 8 d resulted in parasitism of chinook salmon and one rainbow trout. All chinook salmon exposed at ARP were heavily parasitized by M. insidiosus, whereas fish from the same lot exposed in the LPC for an identical time period were moderately in fected (10% incidence). Examinations of wild rain bow and cutthroat trout and coho salmon from various locations, including AIC, indicated that M. insidiosus parasitizes these hosts during the natural long term exposure to the infectious stage for these fish. Variations in susceptibility of salmonid species to M. cerebralis (O'GRODNICK, 1979) and C . shasta (SCHAFER, 1968; ZINN et al., 1977) has been re ported. A strain of lake trout (Salvelinus na maycush) was reported to be refractory to M. cerebralis by O'GRODNICK (1979) whereas , HOFFMAN and PUTZ (1969) found a different lake trout strain susceptible. Similar results with brook trout to C. shasta have been reported (WALES and WOLF, 1955; SCHAFER, 1968; ZINN et al., 1977) . Variable responses have occurred when the same fish strain was used for exposure to C. shasta in different geographic areas (SCHAFER, 1968; SANDERS et al., 1970; ZINN et al., 1977) . Increasing the exposure length from 8 to 50 d for coho salmon at ARP resulted in infection by M. insidiosus. WYATT (1978a) reported the absence of M. insidiosus in chinook salmon after an 8 d exposure to LPC water at McKenzie Hatchery; however, he noted that as the exposure period was extended fish became parasitized in increasing num bers. Thus salmonid species which appeared re fractory to M. insidiosus in this study may become parasitized by lengthening the exposure. One can also conclude that chinook salmon should be the species of choice when testing to detect the presence of M. insidiosus infectious stage. Exposure results indicated that parasitism with M. insidiosus was related to species susceptibility, exposure time, and numbers of parasites present.
WYATT (1978a) discussed the association of earth bottom canals and ponds with parasitism by M. insidiosus. Both LPC and AIC have earth bottoms but AIC is four times longer than LPC. The AIC is also shallower, narrower and carries less water at a reduced flow rate when compared to the LPC. The presence of more substrate and decreased water velocities at AIC may enable larger numbers of M . insidiosus infectious units to contact and parasitize susceptible fish.
Variations in size of specific myxosporidan spores from different host species (MEGLITSCH, 1960; HINE, 1979) as well as differences within individual hosts (HINE, 1979) have been reported. Different myxo sporidan plasmodial shapes and sizes have also been noted (SCHUURMANS STEKHOVEN, 1920; DAVIES, 1968; MITCHELL, 1970) . During this study variations in size and shape of M. insidiosus spores and plasmodia occurred in fish of the same species including the observation of large spores in one coho salmon. The variations were more evident in rainbow and cutthroat trout and coho salmon, whereas plasmodia and spores in chinook salmon were more uniform.
Intrafibrillar and interfibrillar plasmodia of M. insidiosus were found within the muscle of in dividual rainbow and cutthroat trout. A similar observation was made by SWEET (1978) for M. insidiosus plasmodia in trout. However, WYATT (1979) described M. insidiosus clarki from cutthroat trout in the McKenzie River on the basis of in terfibrillar, ovoid plasmodia, containing smaller spores even though he speculated that these va riations could have been due to host influences and not parasite differences. Results of the present work indicate development of M. insidiosus in trout dif fers from salmon and the presence of interfibrillar, ovoid plasmodia and smaller spores does not war rant subspeciation.
The reappearance of M. insidiosus trophozoites after an interval when only mature plasmodia could be detected suggested the occurrence of autoinfec tion. Autoinfection by myxosporidans has been described by (KUDO, 1920 (KUDO, , 1926 , DEBASIEUX (1922), and GANAPATHI (1941) . In contrast to the present work, WYATT (1971) did not observe autoinfection in fish held at the McKenzie River Hatchery for 13 months, then moved to pathogen free spring water and examined 156 and 713 d later. In a second test, fish were held at the hatchery for 4 months, moved to spring water and when examined 237 d later no immature stages of M. insidiosus were noted (WYATT, 1971) . It is possible autoinfection occurs early during the disease process and the fish are later able to destroy new infectious stages or those new stages sporulate and no repetition of the cycle occurs. WYATT'S examinations were performed much later after initial infection than in the obser vations reported here. Fish strains reacting dif ferently to the parasite may also be a factor. The trophozoite stages we described occurred in fall chinook salmon, whereas Wyatt was working with spring chinook salmon.
Host tissue reactions to myxosporidan parasites have been documented (NIGRELLI and SMITH, 1938, 1940; NIGRELLI, 1948; JAKOWSKA and NIGRELLI, 1953; GUILFORD, 1963; MCCRAREN et al., 1975) . The destruction and infiltration of M. insidiosus plas modia by mesenchymal-like cells and fibroblasts was described from chinook and coho salmon (WYATT, 1971) . Phagocytosis of myxosporidan spo res has been reported to occur as a host defense mechanism DYKOVA and LOM, 1978) . In chinook salmon infected with M. insidiosus no phagocytosis associated with affected plasmodia was observed but infiltration of parasitic plasmodia by host cells was seen. Enlarged masses of con nective tissue and chinook salmon cells, which in some cases contained a few spores, were similar to those described by MITCHELL (1970) in squawfish parasitized by Myxobolus muelleri.
The ultrastructure of developmental stages of M. insidiosus closely parallels that reported for other myxosporidans (CHEISIN et al., 1961; dePUYTORAC, 1965a, 1965b; JANOVY, 1976, 1977; DESSER and PATTERSON, 1978; YAMAMOTO and SANDERS, 1979; PULSFORD and MATTHEWS, 1982) .
Immunological techniques have been used on several occasions for detection of myxosporidan antigens or antibodies. PAULEY (1974) , using gel diffusion tests, noted bands of identity between uninfected rainbow trout cartilage and M. cerebralis spores. He suggested that M. cerebralis mimicked the host cartilage antigens and thus gained some protection from the immune response of the host. Possible mimicry of eel antigens by another myxos poridan was also reported by MCARTHUR and SENGUPTA (1982) . Spore preparations of M. in sidiosus and C. shasta injected into rabbits resulted in the formation of antisera highly specific for these myxosporidans. No reaction by either immunodif fusion or immunofluorescence was observed when serum specific for M. insidiosus was allowed to react with uninfected salmonid muscle. Similarly, no re action was noted when serum specific for C. shasta was tested by immunofluorescence on intestinal smears of uninfected salmonids. The occurrence of host reactions against M. insidiosus would indicate that mimicry of host antigens by myxosporidans is not a common occurrence and is in agreement with results of other workers NIGRELLI and SMITH, 1938, 1940; NIGRELLI, 1948; JAKOWSKA and NIGRELLI, 1953; GUILFORD, 1963; WYATT, 1971; MCCRAREN et al., 1975; DYKOVA and LOM, 1978; ANDREWS, 1979) . MITCHELL (1970) noted skin responses in rabbits injected with spore washings of M. muelleri or M. dujardini and suggested that some myxosporidan antigens located on the spore surface were soluble. Using M. insidiosus antisera, precipitin band for mation occurred when either whole spores or mus cle containing plasmodia and spores of M. in sidiosus were used. These results indicated the pres ence of soluble antigens on spores of M. insidiosus. No soluble antigens were detected when whole spores of C. shasta were reacted with serum specific for the parasite, but were detected when crushed spores were used as the antigen. These reactions may indicate differences in surface antigens in myxosporidan spores or specificity of antibodies for such antigens. Absence of precipitin band for mation between M. insidiosus antisera and muscle tissue heavily parasitized with trophozoites may indicate a lack of soluble antigens in trophozoites or that the concentration is insufficient to form detect able bands.
Trophozoites of M. insidiosus reacted specifically by IFAT with serum from the same lot used for the immunodiffusion tests, indicated trophozoite and spore stages share one or more somatic antigens . The presence of a band of identity among individual muscle preparations, containing plasmodia filled with M. insidiosus spores obtained from salmonids collected at different geographic areas, indicated the serological relatedness of this parasite. It appears that the host species parasitized and morphogenic differences (spore and plasmodial shape and size) are of low importance in M. insidiosus taxonomy .
Three precipitin bands were usually noted in immunodiffusion tests between anti-M. insidiosus serum (prepared from spores collected from chi nook salmon at ARP) and spore-tissue preparations of chinook salmon parasitized at ARP. Similar spore-tissue preparations of M. insidiosus from other hosts at AIC and also from selected geo graphic areas reacted with only one precipitin band. These differences could be explained by one or more of the following: 1) the presence of more soluble antigens on plasmodia and spores obtained from chinook salmon exposed at ARP than on those from other locations; 2) specificity of antisera to its homologous antigen. Spores collected at ARP. could have antigens not present in spores used for other preparations and could only be detected in the ho mologous test; and 3) increased amounts of soluble antigens present in preparations from chinook sal mon exposed at ARP as compared to other prepa rations could have caused these differences in band formation. Perhaps identical antigens are present in all M. insidiosus plasmodia and spores regardless of host species or geographic area but not enough antigen may be present in light in fections to form precipitin bands.
Cross reactivity between antisera specific for one myxosporidan and spores of other species occurs infrequently. HALLIDAY (1974) reported no sig nificant reaction between anti-M. cerebralis serum and Myxobolus spp. spores when tested by IFAT and PAULEY (1974) , using immunodiffusion , did not detect cross reaction between anti-M . cerebralis serum and crushed M. cartilaginis spores . By con trast, WOLF (1977 , 1978) observed a reaction by DFAT between anti-M. cerebralis se rum and M. cartilaginis spores. When IFAT was used, cross reactivity did not occur with M. carti laginis but was noted with other myxosporidans. Results of the present work showed no cross re activity in immunodiffusion tests between anti-M. insidiosus or anti-C. shasta serum with spores of four myxosporidans from Pacific Northwest sal monids indicating the absence of common soluble antigens. With DFAT, no reactions were found between fluorescein labeled anti-C. shasta serum and four myxosporidan species, however, strong fluorescence was noted when spores of M. cerebralis and M. insidiosus were tested with anti-M. insidiosus serum by IFAT. MARKIW and WOLF (1978) suggested fluorescence observed with the IFAT using M. cerebralis antisera was probably due to a reaction with an outer mucoid layer of the spores. One cross reaction reported by them occurred with M. insidiosus spores collected from chinook salmon exposed at ARP. In our study the absence of a mucus envelope on M. insidiosus, determined by background stain and SEM, suggested fluorescence observed by MARKIW and WOLF (1978) with M. insidiosus spores did not result from a mucoid substance.
The taxonomic importance of immunofluores cence methods have been noted by HALLIDAY (1974) and MARKIW and WOLF (1978) . However, the fluorescence by IFAT of M. cerebralis spores with M. insidiosus antisera is difficult to explain. The two myxosporidans parasitize salmonids but infect dif ferent tissues. Furthermore, they are members of different myxosporidan families. Results of identi cal IFAT tests gave no fluorescence with H. salmi nicola, a myxosporidan which also parasitizes mus cle and belongs to the same family as M. insidiosus or with M. squamalis, a parasite in the same family as M. cerebralis. Autofluorescence of M. cerebralis spores was ruled out by exposing untreated spores to ultraviolet light and the negative results obtained when the parasite was treated with labeled anti-C. shasta serum. In future studies antigen analyses of myxosporidans with subsequent serum preparation against antigens specific for individual species may aid in solution of this problem. 
